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CONTROL FOR VARIABLE BUOYANCY FLOATING DOCK 


Field of the Invention 

The present invention relates to floating clocks with variable buoyancy. 

Background of the Invention 

Floating drive on dry docks are known in the art. One such dock is shown 
in U.S. Patent 5,931,113. That dock is assembled from a number of flotation 
units which are airtight. These flotation units come in two sizes, so-called full 
cubes and half cubes. Through selective arrangement of these units in a single 
layer a wide variety of watercraft can be accommodated. 

As disclosed in U.S. Patent 5,931 ,113, some watercraft, especially larger, 
heavier craft, require more buoyancy, particularly in the aft region of the dock, 
than a single layer of flotation units can provide in order for the dock to 
satisfactorily support the craft out of the water. The required buoyancy can be 
provided by one or more additional rows of floatation units placed on their sides 
to form a supporting beam. This beam, fastened at its outboard ends to the 
upper layer of flotation units, provides the added lift necessary for such heavier 
boats. In addition to providing lift, the beam illustrated in U.S. Patent 5,931 ,113 
provides stiffness across the width of the dock. 

The floating drive on dry dock of the type illustrated in U.S. Patent 
5,931 ,113 relies on flexible joints between the flotation units to enable a 
watercraft to drive onto the dock. At the start of the drive on operation the craft 
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presses down against the aft end of the dock while the forward end of the dock 
remains essentially flat upon the water. In side elevation view, the aft end of the 
dock curves downward, forming a ramp for the boat to be driven on. 

As the boat moves up the ramp and onto the dock, the dock flattens out 
and the entire boat is lifted out of the water. In addition, the '113 patent suggests 
that a beam with variable buoyancy may be used. An air compressor can be 
used to feed air through a manifold to the floatation units, and the buoyancy of 
the beam can be adjusted with each use. Experience has shown that such a 
system may not lift evenly and under uneven loads it may also list to one side or 
the other, and fail to return to a flat trim. 

Summary of the Invention 

The present invention provides a floating drive on dry dock formed of 
flotation cells and including a group of flotation cells that may be selectively filled 
with air to increase their buoyancy after a boat has been driven onto the dock. 
The invention further provides a system for supplying air through a manifold to 
each of the adjustable buoyancy cells and for limiting movement of air between 
cells when a load is applied to them unevenly. These results are achieved by 
assuring that air flows into the cells more or less evenly, and by back filling the 
manifold with water after the cells have been inflated to the desired degree of 
buoyancy. 
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These and other features will become clearer from the specification that 
follows describing preferred embodiments of the invention when taken together 
with the accompanying drawings. 

Brief Description of the Drawings 

Figure 1 illustrates a floating drive on dry dock assembled from floatation 
cells with an adjustable buoyancy beam suitable for using the present invention. 

Figure 2 is a view of the dock of Figure 1 looking from the aft end toward 
the forward end and showing the control system of the present invention. 

Figure 3 is a side elevation view of the aft portion of the dock shown in 
Figure 1 in a maximum buoyancy conformation. 

Figure 4 is an enlarged sectional view of a portion of a floatation cell 
showing a drain opening. 

Figure 5 is a view of the dock of Figure 3, but with the aft portion of the 
dock partially submerged by the bow of a boat. 

Figure 6 is a view of the dock of Figure 3 but with a boat on the dock and 
prior to adding buoyancy to the dock. 

Figure 7 is a view of the dock of Figure 3 with a boat on the dock and 
lifted out of the water by the dock. 

Description of Preferred Embodiments 

The floating drive on dry dock 10 shown in Figure 1 includes a deck 12 
formed of flexibly joined, floatation cells 14, 16 arranged in a rectangular array. 
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As illustrated, the grid of cells is five cells wide and 1 1 cells long, though the boat 
for which the dock is intended determines the exact length and width. 

Docks using the present invention are especially suited for boats up to 
about 38 feet long and weighing up to about 12000 lbs. Boats shorter than 
about 27 feet and weighing less than about 8000 lbs generally do not require the 
present invention in order to be satisfactorily dry docked. Most of the flotation 
cells 14 forming the dock are roughly cubic. Other cells 16 are square in plan 
view and a little more than half as tall as the cubic cells. The conformation, use, 
and arrangement of these cells is described in U.S. Patent 5,931,1 13, the entire 
disclosure of which is incorporated herein by reference. 

The dock 10 includes a beam 24 that is similar in some respects to the 
beam of U.S. Patent 5,931 ,113. The beam 24 is positioned to provide stiffness 
to the dock 10 from side to side. The cells 14 a-e (Figure 2) of the beam 24 may 
be filled with water so that they tend to sink, or a controllable amount of air may 
be put in the cells to provide the requisite lift. The present invention uses a 
manifold 26 to conveniently fill the cells 14 a-e simultaneously and uniformly. In 
addition, each cell 14 a-e can be isolated from each other cell so that migration 
of air between cells is limited and so a permanent list to one side or the other is 
inhibited. 

The dock 10 is fitted with a manifold 26 that connects to each of the cells 
14 a-e forming the beam 24. Through operation of a valve assembly 28 (Figures 
1 and 2), the manifold 26 can be supplied with either air under pressure, water 
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under pressure, or allowed to vent the air to the atmosphere. The manifold 26 
includes a single feeder line 30 (Figure 2) running widthwise along the lower, aft 
edge of the beam 24. The feeder line 30 is held in place by any suitable fastener 
(not shown). 

The manifold 26 also includes an inlet riser 32 a-e (Figure 2) inside each 
cell. The feeder line 30 has a fitting 34 a-e for each cell 14 a-e connecting a 
respective inlet riser 32 a-e to the feeder line 30. The risers 32 a-e extend 
upward from the lower aft corners of the cells 14 a-e to the upper forward 
corners as shown in Figures 2 and 3. As a result each inlet riser 32 a-e provides 
a column inside its respective cell which is higher at its outlet end than where it 
enters the cell. As discussed below, the inlet risers 32 a-e may be filled with 
water after the cells have been filled with air, and the water in the risers prevents 
or limits air flow between cells. 

Each cell has a drain opening 40 (Figure 4) in its lower wall which allows 
water or air to move in or out of the cell. The drain opening 40 permits the flow 
of water out of the cell, but at a restricted rate. The size of the drain opening is 
selected so that the flow of water out of the cell is damped while air is being 
blown in in order to assure that all cells fed by a single manifold 30 fill at 
approximately the same rate. With a blower which can provide about an 8' head 
and 10 - 30 CFM at 3.5 psig, a 7/8" hole has proven satisfactory. Such a system 
filling a beam formed of, e.g. 5 cells requires only a few minutes to fill all the cells 
14 a-e with air. 
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As noted above each cell 14 a-e is fitted with an inlet riser. Each inlet 
riser 32 a-e may pass through a separate, watertight opening in the lower portion 
or the upper portion of its cell. However, it is preferred to mount the inlet riser so 
that it passes through an opening in the lower aft portion of the cell 14 a-e which 
is made slightly larger than the outside diameter of the inlet riser 32 a-e. For 
example, the inlet risers 32 a-e could have an outside diameter of three quarters 
of an inch, and the holes in the cells 14 a-e could be 7/8 or 1" in diameter. With 
this arrangement a clearance is left between each opening and the inlet riser 
passing through it. The clearance helps to accommodate manufacturing 
tolerances as well as the slight bending that occurs when the dock is in use. 
Moreover, it is not necessary to seal the opening where the riser 32 a-e enters 
the cells 14 a-e because the openings are in the lowermost part of the cells and 
therefore cannot affect how much air is contained in the cell. If the clearance 
around the inlet riser 32 a-e is made larger, then the size of the drain opening 40 
may be reduced. 

The inlet risers 32 a-e and drain opening 40 are arranged so that when air 
is pumped into the cells 14 a-e, the water inside the cells is displaced and exits 
through the holes in the bottom. Conversely, when the air inside the cells is 
allowed to vent to the atmosphere, water flows in through the holes 40 in the 
bottoms of the cells 14 a-e. 

When the dock 10 is in the downwardly curved positioned shown in Figure 
5, the feeder line 30 is approximately at the lowest point on the beam, and the 
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top ends of the inlet risers 32 a-e are in the uppermost forward corner of their 
respective cells 14 a-e. This arrangement assures that as air is pumped in 
through the inlet riser 30 into the cells 14 a-e, all or most of the water inside each 
cell can be forced out. In addition, when the manifold 26 is backfilled with water 
5 as discussed below, the diagonal orientation of the inlet risers 32 a-e assures 

that the maximum height column of water is in the riser. Of course, the inlet 
risers 32 a-e could be located otherwise. For example, they could extend 
vertically along the forward or aft walls of the cells 14 a-e. These arrangements 

§=* 

□ are not as favorable as the diagonal arrangement shown in the figures because 
1 oj^ the volume of water in a riser mounted to one of the vertical cell walls is not as 
J- great as the in the diagonal mounting arrangement and because some means 
s would be required to hold the riser against the inside wall of the cell, rather than 

5 relying on the upper corner of the cell to do that job. However they are mounted, 
Sj the inlet risers 32 a-e extend from a lower portion to an upper portion of their 

t-JL. 

1 5 respective cells 14 a-e and so contain a column of water when back filled, as 

discussed below. 

Air can be forced to the manifold 26 by a flexible pipe 42 (Figure 3) or 
hose that leads through a valve assembly 44 to a source 46 of air at super- 
atmospheric pressure. To provide maximum lift, air is pumped into the cells 14 
20 a-e until substantially all of the water has been displaced. If the air supply is 

simply shut off when all of the water has been displaced from the cells 14 a-e, it 
is possible for the beam 24 to list. For example if a load is applied to the dock 10 
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unevenly from side to side, then one side would sink a little, raising the pressure 
inside the cells on that side of the beam 24 and forcing air through the manifold 
26. This air would pass through the manifold 26 and emerge from the inlet risers 
32 a-e in cells 14 a-e at the other end of the beam 24 that have lower pressure. 
5 This additional air would bubble through the opening 40 in the bottom of the cells 

and escape to the atmosphere. The result is that cells on the side where a load 
was applied now have less air than before. When the uneven load is relieved, 
the system has a tendency not to return completely to a balanced condition but 

□ to retain the list. Repeated cycles result in increased listing. 
10y The present invention inhibits or prevents listing. This is done first by 

™ assuring that the cells fill with air substantially uniformly. To this end the feeder 

4=' 

y line 30 has a cross section for air flow which is substantially larger than the cross 
h section for air flow of the risers 32 a-e. For example, the feeder line 30 may 

rii 

C have an internal diameter of one inch while the risers 32 a-e have an internal 
1 &^ cross section of one half inch. The resulting four to one area ratio assures that 
the cells at the end of the feeder line (e.g., 14d and 14e) get the same air supply 
as those closest to the pump (e.g., 14a and 14b). 

Second, as noted above, the area for flow of water out of cells is damped 
by the size of the openings 40 (Figure 4) in the bottom of the cells. As air is 
20 blown into the cells 1 4 a-e, water is forced out the openings 40 in the bottom of 

each cell. In the initial part of this process, the flow rates are predominantly 
controlled by the size of the drain openings in each cell. Specifically, it is the 
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restricted size of the openings 40 in the cells for water outflow that assures the 
cells fill with air more or less evenly. The flow rate of air through the risers 32 a- 
e is below that at which the cross sectional flow area of the riser would cause a 
loss of head and so affect the flow rate of air through the risers. Accordingly, 
5 the air pressure at the top of the risers 32 a-e is substantially the same as in the 

inlet feed pipe 30 at this stage, and the air flow rate is controlled by how fast the 
water can exit through the drain holes 40. This condition continues until the first 
cell 14 is completely filled with air. 

K Once the first cell gets completely filled with air, the situation 

1 0y changes somewhat because the air flowing into that first-filled cell can bubble out 

W of the drain opening 40 relatively freely. The drain opening 40 that provided 

xst. 

m resistance to the outflowing water provides substantially less resistance to the 
p flow of air because of the density and viscosity differences between water and 

as s 

: ; 3 

£ air. At that time, the pressure in the first air-filled cell matches the water 
1 5^ pressure at the drain opening. Air flow through that cell's riser increases 

because of the lack of resistance to flow at the drain opening 40, and the airflow 
is now limited by the cross-section of the riser and reaches a steady rate. As a 
result, the air flow into that first-filled cell may increase slightly, and the air flow to 
the other risers decreases slightly. The large volume of air available in the 
20 feeder line 30 means that there is a sufficient volume of air to supply both the 

first filled cell at its steady rate and the other cells where the flow rate is still 
controlled predominantly by the rate at which water can flow out of the cell drain 
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openings. This remains true as each cell empties of water and reaches a steady 
maximum air flow rate. Within a short time, all the cells 14 a-e are completely 
filled with air. 

Once the cells 14 a-e are filled with air, flow between cells is blocked. 
This is done by back filling the manifold 26 with water. When water fills the 
manifold 26 and an uneven load is applied to the dock 10, only a small volume of 
water moves through the manifold 26, and as a result, the dock tends to return 
closely to its initial position. To accomplish this the valve assembly 28 shown 
schematically in Figure 2 controls the flow through the manifold 26. The valve 
assembly 44 allows either air to be supplied to the manifold 26, water to be 
supplied to the manifold, the manifold to be vented to atmosphere, or simply 
closed off. To isolate each cell 14 a-e from pressure variations in the other cells, 
once the manifold is back filled with water, each valve in the valve assembly 28 
is shifted to its closed position. 

In practice before a boat is driven onto the dock 10, the dock floats level, 
high in the water, and the beam 24 is filled with water. When a boat 50 
approaches the dock, the bow of the boat pushes the aft end of the dock 10 
downward, as shown in Figure 5. When the boat 50 is driven all the way onto 
the dock 10, the aft end of the dock is still submerged, as shown in Figure 6. 
Once the boat is on the dock (Figure 6), it can be secured, and then the air valve 
44 (Figure 2) is opened and air is blown into the cells 14 a-e through the 
manifold's inlet risers 32 a-e, displacing the water within the cells. The water in 
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the cells escapes out the bottom of the cells through the drain holes 40 and the 
holes that surround the inlet risers. This continues until the dock 10 is in the 
position shown in Figure 7 or until the desired lift is achieved. Next, the air valve 
44 (Figure 2) is closed, and the water valve 52 is opened to connect the water 
supply 54 to the manifold 26. Water is forced through the feeder line 30 and into 
the inlet risers 32 a-e, pushing air out in front of it. This causes continued 
displacement of air (or water) from the cells 14 a-e. When the feeder line 30 and 
inlet risers 32 a-e are completely full of water, the water valve 52 is closed, and 
all fluid flow is blocked. 

When this state is reached, the volume of air in each cell is essentially 
locked. If a trim-threatening a load is applied to one side of the dock 10, the 
pressure will go up in the cells on that side of the dock slightly and some small 
amount of water may move through the manifold 26 into the cells with lower 
pressure. However, because water is much denser than air and the pressure 
inside a cell goes up only a little bit as the cell is forced downward, only a very 
small amount of water moves. Accordingly, the volume of air in each cell 
changes only very slightly. Once the uneven load is released, the cells return to 
their previous trim because the volume of air in all the cells is still substantially 
the same. 

When it is time to re-submerge the dock 10, the exhaust valve 56 is 
opened to connect the manifold to the atmosphere. Then ambient water 
pressure forces first the back filled water and then air back through the inlet 


11 


JETDP0124US 

risers 32 a-e into the feeder line 30 and from there are through the valve 56 to 

the atmosphere as the cells 14 a - e slowly submerge. 

The air, water, and exhaust valves 44, 52 and 56 are shown as being 

separate solenoid controlled valves, each with an open and closed position. 

They may alternatively be integrated into a single spool valve in a single housing. 

A radio frequency (RF) controller 60 like that used to operate a garage door from 

an automobile may control the air, water and exhaust valves. Alternatively the 

valves 42, 52, and 56 may be hand operated. 

A conventional compressor or blower 46 can supply air. The actual 

pressure required is not large, on the order of 3.5 pounds per square inch. 

Accordingly, a centrifugal fan or blower has proven sufficient to inflate the cells. 

As with the air, the water used to fill the manifold need not be under tremendous 
pressure. Most marinas have a fresh water supply available, and the ordinary 
pressure of such systems is sufficient. 

The dock 10 has been shown with a single variable buoyancy beam. The 
system of the present invention is adaptable to additional beams (e.g., beam 62, 
Figure 1) to provide additional buoyancy for larger boats. Such beams may be 
placed at desired intervals under the length of the dock until sufficient buoyancy 
has been achieved. With several beams, boats of up to about 38 feet and 
12,000 lbs. can readily be accommodated. If more than one beam is used, they 
can be connected to a single hose 42 so all cells fill simultaneously. However, it 
may prove desirable to better control the lifting process by filling the cells with air 
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one beam at a time. In this case, a solenoid-controlled valve 64 or manually 
operated valves are included to direct the flow of air and water to one beam at a 
time. 
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